Probing nanoparticle--protein interaction by capillary electrophoresis.
Understanding nanoparticle-protein interaction could help in promoting applications of nanoparticles in the biomedical fields and reducing/preventing possible adverse effects to the biological systems caused by nanoparticles. Quantitative measurement of the biophysical parameters of nanoparticle-protein interaction will improve such understanding, which could be conveniently performed by capillary electrophoresis (CE) as demonstrated in the present study. Two interaction situations were identified. Stable nanoparticle-protein complexes were resolved from the free nanoparticles and the proteins by capillary zone electrophoresis (CZE). Transient complexes with fast association/dissociation rates showed distinct mobility change from the free nanoparticles in affinity capillary electrophoresis (ACE). Interactions of bovine serum albumin (BSA) with the Fe(3)O(4) nanoparticles (average diameters of 8 and 10 nm) and with the Au nanoparticles (average diameters of 5 and 10 nm) displayed slow and fast binding kinetics, respectively. Using the Hill equation, we could calculate the dissociation constants (K(D)) and cooperativity coefficients (n). Impacts on nanoparticle-protein interaction from the physicochemical properties of nanoparticles and the incubation buffer were evaluated on the basis of the K(D) and n values to interpret the interaction driving forces. Our study demonstrated the high simplicity and flexibility of CE in probing the interaction of proteins with diverse particles. The separation power of CE should also facilitate studies of the multicomponent interaction systems for investigating how adsorption onto nanoparticles could affect the protein-protein or protein-small molecule interactions.